Ovarian clear cell adenocarcinomas (CCACs) are frequently associated with endometriosis and, less often with clear cell adenofibromas (CCAFs). We encountered a case of ovarian CCAC arising from benign and borderline adenofibromas of the clear cell and endometrioid types with endometriosis in a 53-year-old woman. Regions of the adenofibromas showed transformation to CCAC and regions of the endometriosis showed atypical endometriotic cysts. This case demonstrates that CCAC can arise from CCAF or endometriosis. Pathology and Translational Medicine 2016; 50: 155-159 http://dx.doi.org/10.4132/jptm.2015.08.07 ▒ CASE STUDY ▒ Histological and epidemiological analyses have demonstrated a close relationship between endometriosis and ovarian clear cell adenocarcinoma (CCAC).
▒ CASE STUDY ▒
Histological and epidemiological analyses have demonstrated a close relationship between endometriosis and ovarian clear cell adenocarcinoma (CCAC). [1] [2] [3] Clear cell adenofibroma (CCAF) is a major benign or borderline type of ovarian clear cell tumor. 4 However, benign CCAF is extremely rare. 5, 6 One study demonstrated the coexistence of CCAF components (14 cases) in 21% of surgically resected ovarian CCACs. Of these 14 CCAF (+) cases, CCAF with atypia were found adjacent to CCAF without atypia in 10, and adjacent to obvious CCACs in 13 cases. 7 Therefore, we can speculate that both CCAF and endometriosis may be precursors of CCAC. Several studies have demonstrated that there is a genetic linkage between CCAF and CCAC, 8 as well as between endometriosis and CCAC. [9] [10] [11] Here, we report a case of CCAC in a 53-year-old woman with both benign and borderline ovarian adenofibromas of the clear cell and endometrioid types, in addition to endometriosis.
CASE REPORT
A 53-year-old woman visited a local obstetrics and gynecology clinic for a routine examination. Ultrasonography demonstrated a right ovarian cystic mass. The patient was referred to the Department of Obstetrics and Gynecology at Chosun University Hospital for further evaluation and treatment. The patient had a history of laparoscopic left salpingo-oophorectomy and adhesiolysis due to left ovarian teratoma and intestinal adhesion seven years earlier. She had also experienced an intracranial hemorrhage 3 years earlier, and had suffered from medication-controlled hypothyroidism for 5 years.
Abdominal computed tomography revealed a 5.5-cm cystic mass in her right ovary (Fig. 1A) . The cyst was unilocular with fluid attenuation, and there was no contrast-enhancing solid mass. Laparoscopy findings revealed a fluid-containing cystic mass that had a smooth surface with focal hemorrhage (Fig. 1B) . Laparoscopic right salpingo-oophorectomy and adhesiolysis was undertaken under the clinical impression of benign cystadenoma.
Gross findings revealed a previously collapsed cystic mass measuring 5 cm × 4.5 cm × 2.5 cm. The mass showed a 2.3 cm × 1.2 cm solid part on one side. Histologic examination revealed benign and borderline CCAFs, endometriosis, atypical endometriotic cysts, and CCAC. The solid portion consisted of benign and borderline CCAF, CCAC, and endometriosis in descending order of prevalence. The cystic portion was merged into the solid portion of CCAF and CCAC, and consisted of benign and atypical endometriotic cysts.
The benign CCAF constituted a major portion of the tumor and demonstrated a compact arrangement of variably sized tubulocystic structures in the cellular stroma with no nuclear atypia. Flattened indiscernible, flat cuboidal, and polygonal cells with relatively abundant cytoplasm and no nuclear atypia lined the mass (Fig. 2) . The glands in the borderline CCAF showed a greater degree of crowding and variation in size and shape compared with the benign CCAF. Focal nuclear atypia was observed in the glandular linings. The glands were delineated with one to three layers of cells with abundant cytoplasm and mildly pleomorphic, hyperchromatic nuclei. In some areas, stratified epithelium showed tiny buds with atypical nuclei. However, the glands in many areas were lined with non-atypical flat to cuboidal epithelium (Fig. 2) . The CCAC had a tubulocystic pattern with hobnail, cuboidal or flat atypical cell lining, characterized by nuclear enlargement and hyperchromasia. The glands were separated by fibrous stroma, and foci of altered stromal responses were noted. There was crowding of tubules with a slightly haphazard arrangement in some areas. The borderline CCAF had microinvasion characterized by a few cells scattered haphazardly in the surrounding stroma. The borderline CCAF and CCAC were scattered, and a histologic continuum between borderline CCAF and CCAC was found within the same tumor (Fig. 2) .
The benign endometriotic cysts had a predominantly cystic gross appearance. Typical endometriotic cysts showed minimally stratified tubal-type epithelium overlying the scant endometrial-type stroma. This endometriotic epithelium gradually showed greater nuclear atypia, demonstrating a multilayered epithelium with hyperchromatic, enlarged and irregular nuclei with prominent nucleoli as it merged with possible intraepithelial carcinomatous areas (Fig. 3) .
The presence of benign and borderline CCAFs, borderline CCAF with microinvasion, CCAC, endometriosis, and benign and atypical endometriotic cysts within this single ovarian mass suggests a histologic continuum among endometriosis, CCAF and CCAC.
DISCUSSION

Sampson
12 was the first to report malignant transformation of ovarian endometriosis. Endometrioid adenocarcinoma and CCAC are the most common types of malignancy arising from ovarian endometriosis. 13 Ovarian endometriosis is therefore considered a precursor lesion to endometrioid adenocarcinoma and CCAC of the ovary. Sampson 12 and Scott 14 suggested the following criteria for determining whether a tumor has arisen from endometriosis: the presence of both malignant and benign endometrial tissue in the same ovary; cancer arising from ovarian endometriosis without other invasion; tissue resembling endometrial stroma surrounding characteristic epithelial glands; and a transition between benign endometriosis and malignant epithelium. In the present case, we found typical endometriosis, benign and atypical endometriotic cysts, and possible intraepithelial carcinomatous areas in the same ovary. CCAC arising in ovarian endometriosis or CCAF without other invasion was also found.
Malignant transformation of ovarian endometriosis occurs in more than 1% of the cases. 12 CCAC is the most common type of malignant transformation of ovarian endometriosis, and endometrioid adenocarcinoma is the second most common. 13 Adenofibromas are also usually associated with ovarian endometriosis. 5, 15 In the present case, we identified benign and bor- derline adenofibromas, and the borderline adenofibromas demonstrated a transition to CCAC. Slow and progressive transformation of CCAC from benign to borderline to a microinvasive pattern has been suggested. 5 In addition, patients with ovarian CCAF are younger than those with CCAC. 5, 6 This supports the suggestion of transformation of CCAC from benign to malignant tumors.
CCAC containing CCAFs are occasionally found. 6, 16, 17 According to the classification of CCAC into groups with and without CCAF components, the CCAF (+) group showed a higher frequency of histologically low-grade tumors, a lower Ki-67 labeling index, less frequent endometriosis, and better patient prognosis than the CCAF (-) group. 7 There are two types of ovarian carcinogenesis, type I and type II. Type I tumors are usually low grade and in low stage, behave in an indolent fashion, and develop slowly from precursor lesions. However, type II tumors are highly aggressive high grade tumors characterized by frequent TP53 mutations. They are not associated with the usual precursor lesions. CCAC is associated with precursor lesions such as endometriosis, adenofibromas, borderline/atypical adenofibromas and endometriotic cysts. It is also found in a low stage, showing a low frequency of TP53 mutations. However, CCAC is high grade and associated with poor prognosis when it is found in high stage. 18 Zhao et al. 18 speculated that ovarian CCAC have two pathways. In one, epithelial atypia arises in an endometriotic cyst and then evolves into CCAC, and in the other, non-cystic endometriosis induces a fibromatous reaction resulting in the formation of an adenofibroma, which then develops into borderline adenofibroma and subsequently CCAC. Therefore, CCACs with or without adenofibromas are more closely related to type I tumors. Adenofibromatous and cystic types of CCAC appear to be derived from endometriosis. Adenofibromatous CCAC develops from noncystic endometriosis and is associated with an adenofibromatous background, while the cystic type of CCAC develops from an endometriotic cyst and is not associated with an adenofibromatous background. 18 The two pathways may overlap in some cases. The present case showed benign and borderline CCAFs, borderline CCAF with microinvasion, CCAC, endometriosis, and benign and atypical endometriotic cysts. Thus, the two pathways overlapped in the present case. ARID1A mutation and loss of the corresponding protein, BAF250a, are common in CCAC. However, loss of BAF250a expression is significantly more common in CCAC with endometriosis than in cases with adenofibroma. 19 There is a common genetic linkage between endometriosis and ovarian cancers such as CCAC, including losses of heterozygosity (LOHs) and alleles at the PTEN locus. [9] [10] [11] Moreover, there is also a common genetic linkage between CCAF and ovarian CCAC, such as LOHs on 5q, 10q, and 22q. 7 Therefore, possible alternative ovarian clear cell carcinogenic pathways are endometriosis to CCAC, CCAF to CCAC, or endometriosis to CCAF/ adenofibroma to CCAC.
The present case demonstrates that both CCAF and endometriosis should be regarded as precursors to CCAC.
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